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AN INTRODUCTION TO CHEMISTRY 


Study of 


- matter and its chemical 
physical properties 

- chemical and physical 
changes matter undergoe 


and the energy change 
associated 


lucidate the chemical reactions involve 
in chemical, physical and biological 
systems 


Convert one substance to another to make 
useful 
products 


(e.g. 1)Crude oil > petrol, 
2)mRNA > cDNA) 


However.... 


= C h em | Ca | d | Sa ste lr Chemical spill resulting in 


fumes 


- Pollution, Global warming, phd 
Glazier se di 


- Long term health risk 


Chemical food dyes 


Matter 


Anything that has mass and volume 


Occur in three physical states: 


ie 


Solid (Volume and shape are fixed) (eg, 
Wood, Ice, Playstation remote control) 


. Liquid (Volume, but not shape, is fixed) 


(eg, HO, Alcohol, oil) 


. Gas (Volume and shape are not fixed) 


(eg, CO, O02 NO>) 


Definitions for Components of Matter 


Classified into three types: 

1. Element 

2. Compound 

3. Mixture 
1.Element - the simplest type of substance 
with unique physical and chemical properties. 
An element consists of only one type of atom. 
lt cannot be broken down into any simpler 
Substances by physical or chemical mean 


Atoms of an element 


2.Compound - a substance 
composed of two or more 
elements which are chemically 
combined. 


Molecules of a 
(e.g. NH3) compound 


3.Mixture - a group of two 
or more elements and/or 
compounds that are 
physically intermingled.(e.g. 
softdrinks, cement, milk) Mixture of two elements 


and a compound 


Other Definition 


Molecule - a structure 
that consists of two or 
more atoms that are 
chemically bound 
together and thus 


behaves as an Molecules of an element 
independent unit. 


Substance - a form of matter that has 
a definite (constant) composition 
and distinct properties such as 
apearance, smell, taste and others. 
Eg. Water, gold, table sugar and 
oxygen. 


The Modern Atomic Theory 


. All matter is composed of atoms 


. Atoms of one element cannot be 


converted into atoms of another element 
in a chemical reaction, but can ina 
nuclear reaction 


. All atoms of an element have the same 


number of protons and electrons, which 
determine the chemical behaviour of the 
element 


Compounds are formed by chemical 
combination of two or more elements in 
specific ratio 


Atom 


Electrically neutral 
Spherical 


Consist of a positively charged nucleus, 
around which negatively charged electrons (e-) 
are found 


What Is the force that holds electrons around 
the atomic nucleus? 


General features of the atom today 


*The atom is an electrically neutral, soherical entity composed of a 
positively charged central nucleus surrounded by one or more 
negatively charge electrons. 


The atomic nucleus consists of protons and neutrons 


Approximately 10 ~19m Approximately 10 ~14m 


Proton, p* 
(positive charge) 


Neutron, n°? 


(no charge) 


B Nucleus 


Atom - Subatomic Particles 
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Atom - Subatomic Particles 


¢ Smaller atoms have similar number 
of p+ and no 


¢ Larger atoms have more no than p+ 


Atomic Number (2) 


Number of p+ in the atomic nucleus of an 
element 


Number of e- in an atom of an element 
All atoms of an element have the same Z 
Different elements will have different Z 


E.g. Zigaroaen = 1, Learbon = 6 and Zseiaen = 8 


Mass Number (A) 


¢ Total number of protons and neutrons in 
the atomic nucleus of an element 


°-E.0: 


Elemen 
t 


Hydroge 


n 
Carbon 


Uranium 


Atomic Symbols, Isotopes, ne 
Numbers on) 


ox Fhe Symbol of the Atom or Isotope a 


Xx = Atomic symbol of the element c)) 


An atom of carbon -12 


A = mass number; A = Z + NVIs written as a - 
left superscript to a 4 


the symbol Br‘ 
Z = atomic number Z is written as a left SUDSCrIPt tO throm or ovgen-16 
(the numbs¥reberotons in the nucleus) 


N = number of neutrons in the nucleus 


Isotope = atoms of an element with the same 
number of protons, but a different number 
of neutrons 


“oU 


An atom of uranium-238 


Atomic Symbol 


Sample Problem and EXERCISE 1: 


¢ How many p+, n° and e- are found in the atom of 
these elements? 


A) 12 B) 35 C) 23 
C Cl Na 


6 i? dae 


PLAN We have to use the atomic number and atomic masses. 


Solution: 
A) The atomic number ts 6, so there are 6 protons. 

The mass number is 12, so the number of neutron is 12 -6 =6. 

The number of electrons is the same as the number of protons thatlis € 


B) The atomic number is 17, so there are 17 protons. 
The mass number is 35, so the number of neutron is 35 -17 =18 
The number of electrons is the same as the number of protons that{is 1 


c)Your answer? 


Isotopes 


e Atoms of an element with the same 
number of protons but different 
number of neutrons 


¢ All isotopes have very similar 
chemical characteristics although 
their mass is different 


Determining the Number of Subatomic 


sample problem: Particles in the Isotopes of an Element 


PROBLEM: Silicon(Si) is essential to the computer industry as a 
major component of semiconductor chips. It has three 
naturally occurring isotopes: 28Si, 29Si, and 3°Si. 
Determine the number of protons, neutrons, and 
electrons in each silicon isotope. 


PLAN We have to use the atomic number and atomic masses. 


aon The atomic number of silicon is 14. 
Therefore 


28Sj has 14p*, 14e° and 14n® (28-14) 
29Si has 14p*, 14e° and 15n® (29-14) 


30Sj has 14p*, 14e” and 16n® (30-14) 


Isotopes 


EXERCISE 2: 
_— many p+ and n° are found in the atom 
O 


these isotopes? 
12 13 14 


Your answer: 


Relative Masses 


¢ Relative molecular mass (M,): 
- Mass of a molecule of a covalent 
compound relative to 1/12 of the mass 
of a 122C atom 
- Sum of all the A, of all the constituent 
atoms of a molecule 
- E.g. M, CO, = 12 + 2(16) 


= 44 


Relative Masses 


¢ Relative atomic mass (A,): 


Average mass of an atom of an element 
relative to 1/12 of the mass of a 12C atom 


E.g.A,-O = 16, A,Na = 23 andA,S = 32 


¢ Relative isotopic mass: 


Mass of an isotope relative to 1/12 of the 
mass of a 12C atom 


Relative Masses 


¢ Relative formula mass: 
- Mass of a unit of an ionic compound 
relative to 1/12 of the mass of a 22C 
atom 
- Calculated like M, 
- E.g. Relative formula mass of Na2,SO, 
= 2(23) + 32 + 4(16) 
= 142 


Instrument: Mass 
Spectrometry 


¢ A technique to measure the relative mass 
and abundance of any atom, molecule or 
molecular fragment 


¢ Can be employed to identify 
- isotopes of an element 
- compounds 
- structure of compounds 


Mass Spectrometry 


° Mass spectrometer 


Detector 


Lightest particles 


@ If necessary, heater in sample 20Njet 


vaporizes sample 
@) Electron beam 


2INet 


Charged 
knocks electrons particle 
@ from atoms am 
Sample 
enters 
chamber 


Heaviest particles 


in sample 
©) Magnetic field separates 
ee particles according to 
their mass/charge ratio 
@ Electric field 
accelerates 


Magnet 
particles toward 


magnetic region 


Mass Spectrometry 


° Operation principle 
1. | Vaporisation 


- Sample is injected into the mass 
spectrometer and vaporised 


- Not required for gasses and volatile liquids 


2. lonisation 

- Beam of electrons, emitted from an electron gun, 
knocks out electrons from the sample, making it positively 
charged 

- Most ions formed are of +1 charge because it is difficult 
to remove another electron from the positive ion 


Mass Spectrometry 


3. Acceleration 


Positive ions are accelerated by a negative _ 
a field, through slits, towards a magnetic 
e 


4. Deflection 


- Positive ions are deflected according to 
their mass/charge (m/z) ratio 


- Mass 7, deflection J 
- Charge T, deflection T 


- As zis normally 1, degree of deflection is - 
effectively dependent on the mass of the ion 


Mass Spectrometry 


5. Detection 
- Beam of ions is detected electrically 


- Output is usually a graph of abundance 
Vs m/z 


relative 
abundance 


90 92 94 96 98 100 102 mis 


Mass Spectrometry 


¢ Amore detailed account of mass 
spectrometry Is available in the following 
webpage 
http://www.chemguide.co.uk/analysis/mas 
spec/howitworks.html 


Mass Spectrometry 


Sample Problem: 
Ag has two naturally occurring isotopes, 
le, 
107Ag and 109Ag. Given the mass 
spectrometric 


isotopic 
mass 


106.91 
108.90 


Mass Spectrometry 


Solution: 
A, Ag = [(51.84 x 106.91) + (48.16 x 108.90)] / 100 
= 107.87 amu 


